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Abstract 
Whitewashing the trunks is an important part in the management of tree greening in winter, which can prevent the 
pests and the livestock grazing the trunks, strengthen the winter-proofing ability of trees and enhance the esthetic 
effect of amenity. In this paper, an innovative mechanical design idea that the trees are brushed by the lime water 
with the insect repellant has been introduced. Meanwhile, the numerical simulation technology has been also 
employed to analyze the important components of this machine, which can improve the reliability and the economy 
of the design. The practice shows that this product can significantly improve the work efficiency and reduce the labor 
intensity through comparing with the traditional working ways.  
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords: whitewashing the trees; sanitation machinery; mechanical design; numerical simulation 
1. Introduction 
The phenomenon that the trunks are brushed by the prepared lime water with the insect repellant is 
an important part in the management of tree greening in winter, which can prevent the pests and the 
livestock grazing the trunks, strengthen the winter-proofing ability of trees and enhance the esthetic effect 
as well as the security effect, etc. However, as for the traditional working method that the people have to 
carry the lime and paint the trees with brushes, the labor intensity is large and the working efficiency is 
low. At the same time, a certain protective measures should be taken when working, which is particularly 
evident in the regions where the forests, the orchards and other trees are dense and the manpower is in 
great shortage. Therefore, a mechanical product that can significantly improve the maintenance efficiency 
and greatly reduce the labor intensity is badly needed, which can provide the guarantee for the timely 
completion of maintenance tasks. In this paper, a design idea of this product has been introduced.  
2. The design scheme and the working principle of the product 
This product is the automated machinery which is used to brush the trees with the lime water where 
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the insect repellant is added. It belongs to the innovative machinery in sanitation aspects and the 
systematic diagram as well as the structural scheme of the design can be respectively shown in Figure 1 
and Figure 2.  
 
Fig. 1. The systematic diagram 
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Fig. 2. The structural scheme of the design 
From the figures we can find that the machinery for whitewashing the trunks is mainly composed 
by the following components: 
1) The power component: the small gasoline engine is adopted to be the prime mover, which is 
directly associated with the pump. 
2) The liquid transportation and backflow component: after the pressure effort of bump, one part of 
the liquid in feed tank is sent to the executive component through the plastic infusion tube. Another part 
of liquid is re-injected to the bottom of feed tank through the backflow system. It has achieved the 
automatic mixing function and avoided the precipitation of the added reagents (liquid, powder) as well as 
ensured the uniform concentration of liquid.  
3) The actuator component: this part is composed by the connection of the hand-held nozzle and the 
hose, in which the shape of the hand-held nozzle is similar to the spray gun used for washing cars. 
However, the construction of the nozzle is different--- the liquid outlet is groove-shaped rather than 
porous (shown in Figure 3). Then the extrusion of the liquid will be fan-shaped spray (shown in Figure 4). 
At the same time, the size of valve can be controlled and adjusted by the handle so as to achieve the 
desired fluid flow pressure.  
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Fig. 3. The shape of the nozzle                     Fig. 4. The Fan-shaped spray 
Through the coordination of above components and the power provided by gasoline, the feed liquid 
will be sent to the executive part through the liquid delivery part under the output pressure of pump. A 
certain pressure will be formed at the nozzle and the liquid will be sprayed from the nozzle in form of fan. 
They will be sprayed on the trunks and the whitewashed effect will be achieved.  
3. The design and the calculation of the main components 
3.1 The design of the tanks and the car 
This product is the automatic paint machine. The working efficiency is high and a large amount of 
solution is required. Therefore, the tank of this product is larger. There are three openings at the bottom of 
tank: the liquid outlet and the reflux inlet, etc. They are respectively connected with the pump and the 
return valves and the structure scheme as well as the basic dimensions can be shown in Figure 5. The feed 
tank is positioned above the car, so the size of the car should be coordinated with the size of feed tank.  
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Fig. 5. The structure scheme and the basic dimensions of the feed tank 
3.2 The design of the return valves 
When the product works, because of the open and the shut of the handle in executive part, the liquid 
in tubes will produce great pressure for the inner wall of tubes, which will bring some unnecessary 
working obstacles to the pump and consume the power. In order to utilize this part of power, a backflow 
system composed by the return valves has been designed in this paper. When the reflux liquid flows to the 
tank through the return valves, the internal part of the tank will use this pressure to stir the liquid. Then 
the precipitation of added reagents (liquid, powder) will be avoided and the uniform mixing of liquid will 
be achieved.  
3.3 The selection of the power components 
According to the volume of the tank and the design of the executive component as well as the design 
demands of the backflow system, the main technical parameters of the selected power component--- the 
gasoline can be shown in Table 1. 
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Table 1  The main technical parameters of the gasoline 
Type Maximum power of 
displacement (L) 
Maximum 
power (HP) 
Nominal power 
(HP) 
Maximum speed 
r/min 
Maximum torque 
(N.M)/rpm 
TL1E43F 60 3 2.5 5500 3/4300 
3.4 The selection of pump and the design of the exports 
According to the main technical parameters of gasoline, the main technical parameters of pump can 
be shown in the following Table.  
Table 2  The main technical parameters of pump 
Type Maximum lift (m) Calibration head (m) Maximum flow (m3/h) Suction (m) 
TLQG 35 25 15 7 
It is required to connect a tee joint at the pump outlet. Then a portion of liquid will flow to the tank 
through the return valves and another portion liquid will be led to the nozzle through the hose. Of course, 
the tee joint at the pump outlet can be turned into the four-way junction, i.e. the configuration of the pump 
outlet and the return valve outlet is not changed and only a nozzle interface is added. Then two persons 
can share the same machine to whitewash the trunks, which can greatly improve the working efficiency.  
3.5 The numerical simulation analysis 
The return valve and the nozzle are the important components to ensure the performance of the 
machine for whitewashing the trunks. In order to improve the reliability and the economy of the design, it 
is required to employ the professional CFD software to carry on the numerical simulation analysis for the 
return valves.  
There is the high Reynolds number at the local small parts of return valves and nozzles where the 
liquid flow is turbulent. Currently, the Reynolds time-averaged equation method has been widely adopted 
in the engineering turbulent calculations. This method can carry on the homogenization for the non-steady 
N-S equations so as to get the governing equation of physical quantities, namely Reynolds equation: 
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In this equation, iP is the average velocity component, p is the pressure, U is the liquid density, 
P is the flow kinematic viscosity and i jP P is the Reynolds stress.  
As for the engineering turbulence calculations, the turbulent viscosity coefficient is commonly used 
to deal with the Reynolds stress 
i jP P and other turbulent additional items. The key of the calculation is 
to determine the turbulent viscosity coefficient. According to the Boussinesq assumption, the additional 
stress caused by the turbulent fluctuation can be associated with the strain rate of time average just as the 
laminar flow exercise stress, namely: 
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In this formula, tp is the pressure caused by the pulse rate, which can be defined as: 
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Therefore, it is necessary to employ the speed inlets and the Outflow outlets in CFD software. In 
order to further obtain the results which are similar to the actual work, it is required to adopt the 
liquid-solid two-phase flow models and the turbulence models for analysis. 
The three-dimensional pressure contours of return valves can be shown in Figure 6. Then we can 
find that under the set inlet velocity conditions, the pressure of the valve inlet is the maximum and the 
outlet still maintains a certain pressure. Under those conditions, the liquid from the valve outlet has a 
certain speed and it can effectively stir the liquid in tanks, which has met the design and the working 
requirements.  
The speed contours of the return valves can be shown in Figure 7. From this figure we can find that 
the pressure of the mixed liquid is nearly constant under the pressure. However, the reduction magnitude 
of the pressure at the nozzle outlet is big, which indicates that the pressure of liquid at the nozzle outlet 
has been transformed into the kinetic energy of liquid. At the same time, we can also find that the speed at 
the nozzle outlet is the highest, which has met the design and the working requirements.  
             
Fig. 6. Pressure contours of the return valve              Fig. 7. Speed contours of the return valve 
4. The samples and the practical applications 
Based on the above calculations, the product samples and the field work results can be shown below. 
The practice has proven that this product can significantly improve the maintenance efficiency, greatly 
reduce the labor intensity and provide the guarantee for the timely completion of maintenance tasks. It has 
the better promotion value and the broad application prospects. 
     
Fig. 8. The product samples and the field work results 
5. Conclusion 
 (1) This product has achieved the mechanical operation for whitewashing the trunks, which has 
changed the traditional working method and significantly improved the working efficiency as well as 
reduced the labor intensity. What’s more, the functions can be expanded through adjusting the nozzles and 
the liquid formulations.  
(2) This product has employed the special nozzle and the fast hands for stopping the flows, which can 
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greatly improve the material utilization and reduced the waste.  
(3) The liquid is reflowed through the return valves, which has solved the undesirable phenomenon 
that the added reagent (liquid, powder) in the traditional manual work is easy to be precipitated and 
separated.  
(4) The computer-aided design analysis method has been employed in this paper, which has improved 
the reliability and the economy of the design. 
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